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(57) ABSTRACT

A switching circuit (80) includes: a plurality of insulated gate
transistors (30-33) connected in parallel between a high volt-
age line (1) and a low voltage line (1.2); gate resistors (50-
53) each provided for one of the plurality of insulated gate
transistors (30-33) and each including a first terminal con-
nected to a gate electrode of each of the insulated gate tran-
sistors (30-33); and a single gate voltage application unit (60)
configured to apply pulsing gate voltage to the gate electrode
of each of the insulated gate transistors (30-33) via the gate
resistors (50-53). A second terminal of each of the gate resis-
tors (50-53) provided for each of the plurality of insulated
gate transistors (30-33) is connected to the gate voltage appli-
cation unit (60) via a gate voltage apply line (L3), and a single
capacitor is connected between the gate voltage apply line
(L3) and the high voltage line (L1).
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1
SWITCHING CIRCUIT

BACKGROUND OF THE INVENTION

The present invention relates to a switching circuit.

A switching circuit used in a DC-DC converter, an inverter,
or the like has various requirements, such as small size and a
small number of components, low ON resistance, low switch-
ing loss, and a low surge voltage.

A switching circuit such as that described above uses
MOSFETs, IGBTs, or the like. The switching circuit switches
these transistors between an ON state and an OFF state by
switching a gate voltage applied to the gate terminal, or in
other words, a gate electrode, of each transistor. The speed of
the switch, or in other words, the switching speed, is depen-
dent on the parasitic capacity of the transistors, or in other
words, the input capacity Ciss, the feedback capacity Crss,
the output capacity Coss, as well as the resistance value of the
gate resistor connected to the gate terminal. The input capac-
ity Ciss is the sum of the gate-source capacity Cgs and the
gate-drain capacity Cgd. The feedback capacity Crss corre-
sponds to the gate-drain capacity Cgd, and the output capacity
Coss is the sum of the drain-source capacity Cds and the
gate-drain capacity Cgd. The switching speed is typically set
such that the surge voltage, which is generated by the induc-
tance of an external circuit connected to the transistors, does
not exceed the withstand voltage of the transistors. A surge
voltage Vsu is determined from the following relational
expression using inductance L. and switching speed di/dt.

Vsu=Ldi/dt

This equation shows that in order to keep the surge voltage
Vsu low, itis necessary to perform at least one of lowering the
inductance [, and reducing the switching speed di/dt. The
inductance L is a value determined in accordance with the
structure of the switching circuit, and it is therefore difficult to
adjust the inductance L. The switching speed di/dt, on the
other hand, can be controlled by adjusting the parasitic capac-
ity and the resistance value of the gate resistor, as described
above.

However, when the switching speed di/dt is reduced exces-
sively with the aim of protecting the transistors from the surge
voltage, another problem arises in that the switching loss at
the switching circuit increases. Further, the parasitic capacity
Ciss, Crss, Coss of the transistors varies according to the
applied voltage, and therefore the switching speed di/dt must
be adjusted taking this variation into account.

Another method of suppressing the surge voltage is to
connect a snubber circuit between the drain and the source of
the transistor, for example. However, a switching circuit for
controlling a large amount of power (large current) requires a
snubber circuit having large capacity, and therefore the over-
all cost of the switching circuit increases.

Japanese Laid-Open Patent Publication No. 2009-296216
discloses a switching circuit for reducing high-frequency
noise and reducing an increase of switching loss. The switch-
ing circuit connects a drain electrode as a high voltage elec-
trode of a transistor with a gate electrode, i.e., a gate terminal
via a variable capacitor. Thus, for example, as the voltage
between the drain electrode and the gate electrode increases,
the prior art reduces the capacity of the capacitor.

An objective of the present invention is to provide a switch-
ing circuit that is capable of reducing switching loss and
suppressing a surge voltage while controlling a large current
with a compact configuration having a small number of com-
ponents.
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2
SUMMARY OF THE INVENTION

In accordance with one aspect of the present disclosure, a
switching circuit includes a plurality of insulated gate tran-
sistors, gate resistors, a gate voltage application unit, and a
capacitor. The insulated gate transistors are connected in par-
allel between a high voltage line and a low voltage line. Each
gate resistor is connected to one of the plurality of insulated
gate transistors. Each of the gate resistors includes a first
terminal and a second terminal. The first terminal of each of
the gate resistors is connected to the respective gate electrode
of'each of the plurality of insulated gate transistors. The gate
voltage application unit is configured to apply pulsing gate
voltage to the gate electrode of each of the plurality of insu-
lated gate transistors. The gate voltage application unit is
connected to the second terminal of each of the gate resistor
via a gate voltage apply line. The capacitor is connected to a
single location between the gate voltage apply line and the
high voltage line.

According to this configuration, the plurality of insulated
gate transistors are connected in parallel between the high
voltage line and the low voltage line, and the first terminal of
each gate resistor is connected to the gate electrode of each
insulated gate transistor. Further, the second terminal of the
gate resistor provided for each of the plurality of insulated
gate transistors is connected to the gate voltage application
unit via the gate voltage apply line, and the gate voltage
application unit applies the pulsing gate voltage to the gate
electrode of each insulated gate transistor via the correspond-
ing gate resistor. As a result, the switching circuit can control
a large current.

Further, the capacitor is connected to a single location
between the gate voltage apply line and the high voltage line.
By providing the capacitor, capacity variation between the
gate electrodes of the insulated gate transistors and the high
voltage line during gate voltage switching is suppressed.
Hence, according to this configuration, switching loss can be
reduced and a surge voltage can be suppressed with acompact
configuration having a small amount of components.

In accordance with one aspect, the insulated gate transis-
tors are MOSFETs in the switching circuit.

Other aspects and advantages of the invention will become
apparent from the following description, taken in conjunction
with the accompanying drawings, illustrating by way of
example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention that are believed to be
novel are set forth with particularity in the appended claims.
The invention, together with objects and advantages thereof,
may best be understood by reference to the following descrip-
tion of the presently preferred embodiments together with the
accompanying drawings in which:

FIG. 1is a circuit configuration diagram showing a switch-
ing circuit according to one embodiment;

FIG. 2 is a waveform diagram illustrating operation of the
switching circuit shown in FIG. 1; and

FIG. 3 is a circuit configuration diagram showing a typical
switching circuit.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

One embodiment of the present disclosure will be
described below with reference to FIGS. 1 and 2.
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FIG. 1 is a circuit diagram of a switching circuit 80. The
switching circuit 80 includes four MOSFETs 30, 31, 32, 33,
gateresistors 50, 51,52, 53 connected to gate electrodes of the
respective MOSFETs 30, 31, 32, 33, a single pulse generator
60, and a single capacitor 70. The switching circuit 80 is
connected to a load 20 which is connected to a direct current
power supply 10.

As shown in FIG. 1, a negative electrode terminal of the
direct current power supply 10 is grounded. The positive
electrode terminal of the direct current power supply 10 is
connected to one end of the load 20. The other end of the load
20 is connected to the drain terminals of the MOSFETs 30,
31, 32, 33, which serve as a plurality of insulated gate tran-
sistors connected in parallel, by a high voltage line L1. The
source terminals of the MOSFETs 30, 31, 32, 33 connected in
parallel are grounded by a low voltage line [.2. In other words,
the four MOSFETs 30, 31, 32, 33 are connected in parallel
between the high voltage line .1 and the low voltage line [.2.
In this embodiment, the load 20 is a motor driven by a large
current.

In this embodiment, main electrodes of the transistors are
the drain electrodes and the source electrodes of the respec-
tive MOSFETs 30, 31, 32, 33.

Each of the MOSFETs 30, 31, 32, 33 is a single chip
element, and the respective chips, i.e., the MOSFETs 30, 31,
32,33, are mounted on a substrate. The substrate on which the
MOSFETs 30, 31, 32, 33 are mounted is also installed with
other components, namely the gate resistors 50, 51, 52, 53,
the capacitor 70, and the pulse generator 60.

The gate resistors 50, 51, 52, 53 are provided respectively
on the MOSFETs 30, 31, 32, 33 such that respective first
terminals of the gate resistors 50, 51, 52, 53 are connected to
the respective gate electrodes of the MOSFETs 30, 31, 32, 33.
More specifically, in FIG. 1, the first terminal of the gate
resistor 50 is connected to the gate electrode of the MOSFET
30, the first terminal of the gate resistor 51 is connected to the
gate electrode of the MOSFET 31, the first terminal of the
gate resistor 52 is connected to the gate electrode of the
MOSFET 32, and the first terminal of the gate resistor 53 is
connected to the gate electrode of the MOSFET 33.

The pulse generator 60, which serves as a gate voltage
application unit, is configured to apply a pulsing gate voltage
to the respective gate electrodes of the MOSFETs 30, 31, 32,
33 via the gate resistors 50, 51, 52, 53. The pulse generator 60
includes a gate voltage apply line L3 for applying the gate
voltage. The gate voltage apply line L3 splits at a branch point
P1 and connects the pulse generator 60 to each of second
terminals of the gate resistors 50, 51, 52 and 53 of the respec-
tive MOSFETs 30, 31, 32 and 33 via a branch point P1. That
is, each of the gate resistors 50, 51, 52 and 53 provided
respectively to the MOSFETs 30, 31, 32 and 33 has a second
terminal. Each second terminal of the gate resistors 50, 51, 52
and 53 is connected to the pulse generator 60 via the gate
voltage apply line L3. In other words, the gate voltage apply
line L3 includes a pre-branch part between the pulse genera-
tor 60 and the branch point P1 and a post-branch part between
the branch point P1 and the gate resistors 50, 51, 52, 53.

When the pulse generator 60 applies the pulsing gate volt-
age to the gate electrodes of the respective MOSFETs 30, 31,
32, 33 via the gate voltage apply line L3, the four MOSFETs
30, 31, 32, 33 are switched ON and OFF synchronously.
Specifically, each of the MOSFETs 30, 31, 32 and 33 is
switched to the ON state or OFF state, and supplies current to
the load 20 during the ON state. That is, the pulse generator 60
switches the gate voltage applied to each gate electrode of the
MOSFETs 30, 31, 32 and 33 connected in parallel between
the high voltage line L1 and the low voltage line [.2. By doing
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4

so, the pulse generator 60 switches the electrical connection
between the source and the drain electrode of each of the
MOSFETs synchronously from a conducting state to a non-
conducting state or from a non-conducting state to a conduct-
ing state periodically.

Further, the single capacitor 70 is connected between the
gate voltage apply line L3 and the high voltage line [.1. More
specifically, in FIG. 1, a connection point . serving as a first
connection point is positioned between the pulse generator 60
and the branch point P1 on the gate voltage apply line L3, or
in other words in the pre-branch part of the gate voltage apply
line 1.3. A connection point f§ serving as a second connection
point is positioned immediately before the drain electrode of
the MOSFET 30 on the high voltage line L1. In other words,
the connection point § is connected to the respective drain
electrodes of the MOSFETs 30, 31, 32, 33. The single capaci-
tor 70 is connected between the connection point o and the
connection point f§. More specifically, a first terminal of the
capacitor 70 is connected to the connection point o and a
second terminal of the capacitor 70 is connected to the con-
nection point 3. The capacity of the capacitor 70 is approxi-
mately 3 nF, for example. As described above, the capacitor
70 is likewise installed on the substrate mounted with the
MOSFETs 30, 31, 32, 33, and the like.

Operation of the switching circuit 80 will be described
below.

The pulse generator 60 applies high level gate voltage
greater than or equal to On-voltage to each MOSFET in the
OFF state of the MOSFETs 30, 31, 23 and 33. Then MOS-
FETs 30-33 in the OFF state will be switched to the ON state,
or turned on, to supply current to the load 20.

When the MOSFETs 30, 31, 32, 33 are in the ON state, on
the other hand, the pulse generator 60 applies an L level gate
voltage to the gate electrode of each MOSFET. Then, the
MOSFETs 30-33 in the ON state will be switched to the OFF
state, or turned off, to interrupt current to the load 20. By
performing this operation repeatedly, the pulse generator 60
outputs a pulse current.

Operations of the MOSFETs 30, 31, 32, 33 will be
described in detail below.

FIG. 2 shows a current waveform and a voltage waveform
of the MOSFETs 30, 31, 32, 33 provided in the switching
circuit 80 of FIG. 1 in a turned-off state. The abscissa in FIG.
2 shows time. Time dependences of the drain-source voltage
Vds and the drain current ID in a turned-off state are shown as
a voltage waveform and a current waveform, respectively.

In FIG. 1, the single capacitor 70 is connected between the
gate voltage apply line L3 and the high voltage line L.1. FIG.
2 also shows the result of the configuration without the
capacitor 70 of FIG. 1 for comparison.

In FIG. 2, the broken line shows a Vds waveform of the
MOSFET of the switching circuit without the capacitor 70
between the gate voltage apply line .3 and the high voltage
line L1, while the solid line shows a Vds waveform of the
MOSFET of the switching circuit 80 with the capacitor 70 of
the present embodiment.

During operation of the MOSFETs, the parasitic capacities
Ciss, Crss are charged or discharged. For example, when the
MOSFET attempts to turn OFF, the voltage applied between
the drain and the gate gradually increases. More specifically,
for example, when the transistor ON state switches to the
turned-off state, the drain voltage Vd varies from 0 volts to 48
volts, the gate voltage Vg varies from 15 volts to 0 volts, and
the source voltage Vs remains at O volts. In other words, when
the transistor ON state switches to the turned-off state, an
absolute value of a voltage difference between the drain and
the gate varies from 15 volts to 48 volts.
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When the capacitor 70 is not provided between the gate
voltage apply line L3 and the high voltage line L1, the para-
sitic capacity between the drain and the gate, or in other words
the feedback capacity Crss, decreases greatly as the drain-
source voltage Vds increases. This phenomenon is a charac-
teristic of the MOSFET. Hence, at the moment when the
transistor is turned OFF, or in other words, in a part where the
drain-source voltage Vds rises, the parasitic capacity between
the drain and the gate is small, and therefore the drain current
Id varies momentarily. As a result, di/dt, which is a time
derivative of the drain current Id, increases such that the surge
voltage becomes extremely large. See Vsu=L di/dt. That is to
say, FIG. 2 shows a surge voltage AV1 evaluated from the
broken line (without the capacitor 70), where the surge volt-
age is the difference between the maximum value of the Vds
during the turned-off state and the Vds during a stabilization
state after the turned-off state.

When the capacitor 70 is provided between the gate voltage
apply line 1.3 and the high voltage line 1, as in this embodi-
ment, the capacity of the capacitor 70 is added to the parasitic
capacity between the drain and the gate, i.e., the feedback
capacity Crss. In this case, a change, i.e., reduction of the
capacity between the drain and the gate caused by an increase
of the drain-source voltage Vds is prevented. Hence, accord-
ing to this embodiment, in contrast to the case shown in FIG.
3, the surge voltage does not have to be taken into consider-
ation when selecting a gate resistance value corresponding to
a final value of the feedback capacity Crss resulting from an
increase in the drain-source voltage Vds. Since the capacity
between the drain and the gate does not change so much (does
not reduce) even with increasing the drain-source voltage
Vds, arise time of the drain-source voltage Vds is shortened.
Further, the surge voltage generated when the drain-source
voltage Vds rises can be suppressed. As shown in FIG. 2, the
surge voltage AV2 evaluated from the waveform of the drain-
source voltage Vds indicated by the solid line is smaller than
the surge voltage AV1 evaluated from the waveform of the
drain-source voltage Vds indicated by the broken line.

In FIG. 2, the drain-source voltage Vds with the capacitor,
i.e. according to this embodiment, is shaped to fall below the
voltage Vds without the capacitor over time. In other words,
Vds indicated by the solid line decreases below Vds indicated
by the broken line over time, and a maximum value of Vds on
the solid line is smaller than a maximum value of Vds on the
broken line. A loss at the switching circuit 80, or in other
words a switching loss, corresponds to an integrated value of
the drain-source voltage Vds and the drain current Id. In the
turned-off state, the Vds waveform according to this embodi-
ment, indicated by the solid line in FIG. 2, varies sharply in
contrast to the gentle variation of the Vds waveform accord-
ing to the comparative example, indicated by the broken line.
In other words, an incline of Vds indicated by the broken line
varies gently, whereas an incline of the Vds waveform indi-
cated by the solid line varies in steps. Hence, the switching
loss according to this embodiment can be reduced below that
of the comparative example.

In this embodiment, the capacitor 70 provided between the
gate voltage apply line L3 and the high voltage line L1
reduces variation in the drain-gate capacity accompanying
variation in the drain-source voltage Vds. In other words, the
switching circuit 80 according to this embodiment is less
likely to be affected by variation in the parasitic capacity
between the drain and the gate. As a result, since the switching
speed can be determined without considering the effect of the
change of capacity so that the switching speed is not too slow,
switching loss may be reduced.
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In contrast to the switching circuit shown in FIG. 3, the
switching circuit 80 according to this embodiment, shown in
FIG. 1, is provided with the single capacitor 70. In other
words, the capacitor 70 is connected to a single location
between the gate voltage apply line .3 and a drainline, i.c. the
high voltage line 1. More specifically, the capacitor 70 elec-
trically connects the high voltage line [.1 to the gate voltage
apply line L3. It is possible with this configuration to prevent
an imbalance between the transistors (between the chips).
With the configuration shown in FIG. 1, the number of
installed capacitors can be reduced in comparison with the
configuration shown in FIG. 3. By reducing the number of
capacitors, a mounting surface area of the capacitors can also
be reduced. As a result, reductions in size and cost are
achieved.

According to this embodiment, as described above, the
following effects are obtained.

In the switching circuit 80, the respective first terminals of
the gate resistors 50, 51, 52, 53 are connected to the gate
electrodes of the respective MOSFETs 30, 31, 32, 33. The
second terminal of each of the gate resistors 50, 51,52 and 53
connected to corresponding one of MOSFETs 30, 31, 32 and
33 is connected to the pulse generator 60 via the gate voltage
apply line L3. The pulse generator 60 applies pulsing gate
voltages to the gate electrode of the respective MOSFETSs 30,
31, 32, 33 via the gate resistors 50, 51, 52, 53, and therefore
the plurality of MOSFETs 30, 31, 32, 33 are operated to turn
ON and OFF in synchronization with each other. As a result,
the switching circuit can control a large current. Further, the
capacitor 70 is connected to a single location between the gate
voltage apply line L3 and the high voltage line [.1. By pro-
viding the capacitor 70, capacity variation between the gate
electrodes of the MOSFETs 30, 31, 32, 33 and the high
voltage line L1 during gate voltage switching is suppressed.
Hence, the switching circuit according to the present disclo-
sure can reduce switching loss and suppress a surge voltage
with a compact configuration having a small number of com-
ponents.

As shown in FIG. 3 of the present application, for example,
a switching circuit for controlling a large amount of power
(large current) is constituted by a direct current power supply
100, a load 110, and a plurality of transistors 120, 121, 122,
123 connected in parallel.

The gate electrodes of the transistors 120, 121, 122, and
123 are connected to a pulse generation circuit 140, which
serves as a gate voltage application circuit, via respective gate
resistors 130, 131, 132, and 133. When an ON voltage is
applied to the gate electrodes of the respective transistors 120,
121, 122, 123 from the pulse generation circuit 140, the
respective transistors 120, 121, 122, 123 are switched ON,
whereby a current flows to the load 110, or in other words the
load is driven. When the transistors 120, 121, 122, 123 con-
nected in parallel are used in this manner, a current flowing to
each transistor can be reduced in comparison with a case
where a single transistor is used, for example. Thus, even
though current capacity of each transistor is small, it enables
the load to receive large current via a plurality of transistors
connected in parallel.

In this type of switching circuit using a plurality of tran-
sistors connected in parallel, variable capacitors 150, 151,
152, 153 are connected to the respective transistors 120, 121,
122, 123 between the gate electrode and a drain electrode
thereof in order to reduce switching loss and suppress the
surge voltage in the configurations of Japanese Laid-Open
Patent Publication No. 2009-296216, as shown in FIG. 3 of
the present application. In this case, an increase occurs in the
number of components, leading to an increase in the overall
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size of the switching circuit. For example, if only one tran-
sistor among four transistors 120, 121, 122 and 123 has a
variable capacitor between the gate and drain electrode to
reduce a number of components as shown in Japanese Laid-
Open Patent Publication No. 2009-296216, there would be a
problem in that current imbalance between transistors is
caused upon driving the switching circuit to cause overheat
and huge surge voltage in the switching circuit.
The present invention is not limited to the embodiment
described above and may be modified as follows, for
example.
In the above embodiment, the four MOSFETs 30, 31, 32,
33 are connected in parallel between the high voltage line [.1
and the low voltage line [.2. However, there are no limitations
on the number of MOSFETs, and a number other than four,
for example two, three, five, or more, i.e. any plurality of
MOSFETs, may be connected in parallel.
IGBTs may be used as the insulated gate transistors in
place of the MOSFETs 30, 31, 32, 33 serving as the insulated
gatetransistors. A collector electrode and an emitter electrode
constitute main electrodes of an IGBT.
The aforesaid connection point o may be the branch point
P1, or may exist in the post-branch part of the gate voltage
apply line 3.
The aforesaid connection point § does not have to be pro-
vided immediately before the MOSFET 30 as long as it exists
on the high voltage line L1.
The invention claimed is:
1. A switching circuit comprising:
a plurality of insulated gate transistors connected in paral-
lel between a high voltage line and a low voltage line;

gate resistors, each being connected to one of the plurality
of insulated gate transistors, wherein each of the gate
resistors includes a first terminal and a second terminal,
the first terminal of each of the gate resistors being
connected to the respective gate electrode of each of the
plurality of insulated gate transistors;

a gate voltage application unit configured to apply pulsing
gate voltage to the gate electrode of each of the plurality
of'insulated gate transistors, the gate voltage application
unit being connected to the second terminal of each of
the gate resistor via a gate voltage apply line; and

10

15

20

25

30

35

40

8

a single fixed-value capacitor connected to a single loca-
tion between the gate voltage apply line before or at the
second terminal of one of the gate resistors and the high
voltage line, wherein the single fixed-value capacitor
substantially suppresses a surge voltage that is generated
when the plurality of insulated gate transistors is syn-
chronously turned off.

2. The switching circuit according to claim 1, wherein the

insulated gate transistors are MOSFETs.

3. The switching circuit according to claim 1, wherein the
gate voltage application unit is configured to turn on and off
the plurality of insulated gate transistors in synchronization
with each other.

4. The switching circuit according to claim 1, wherein the
plurality of insulated gate transistors, the gate resistors, and
the single fixed-value capacitor are mounted on a single sub-
strate.

5. The switching circuit according to claim 1, further com-
prising a load having a first end and a second end, wherein the
first end of the load is connected to a direct current power
supply, and the second end of the load is connected to the high
voltage line.

6. The switching circuit according to claim 5, wherein the
load is a motor driven by a large current.

7. The switching circuit according to claim 1, wherein,

when the plurality of insulated gate transistors are turned
on synchronously, current is supplied to a load; and

when the plurality of insulated gate transistors are turned
off synchronously, current to the load is interrupted.

8. The switching circuit according to claim 1, wherein

the single fixed-value capacitor includes a first terminal
and a second terminal,

the first terminal of the single fixed-value capacitor is con-
nected to the gate voltage apply line that connects the
gate voltage application unit to the second terminal of
each of the gate resistors; and

the second terminal of the single fixed-value capacitor is
connected to the high voltage line that connects to a
power supply via a load.
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